A llergen inhalation by sensitized asthmatic patients results in an immediate-phase reaction (IPR) occurring within minutes and resolving in 30 to 60 min. A percentage of patients also present a late-phase reaction (LPR) that usually begins 3 to 4 h after allergen inhalation. Mechanisms underlying the airway narrowing in both responses are radically different: IPR is mainly secondary to mast cells activation and is consistent with acute asthma, and LPR is thought to depend on the activation of airway inflammatory cells during the IPR. 1 LPR is usually accompanied by a bronchial hyperresponsiveness (BHR) enhancement 2 of unclear meaning since it precedes the inflammatory changes. 3 Airway eosinophilic infiltration and BHR are characteristic of asthma in all its evolutionary stages 4 ; thus, allergeninduced LPR has been proposed as a model to study the natural process occurring in asthma.
The occurrence of LPRs can be modified by viral respiratory infections, 5 the airway circadian rhythm, 6 sensitization to perennial allergens in contrast to seasonal ones, 7 treatment with antiasthmatic drugs, or by the equipment (particle size, delivery system) used in an allergen bronchial provocation test (A-BPT). When all these factors are controlled, the ability of individual subjects to elicit a LPR is reproducible. 7 It is not clear to us why some subjects react to allergen inhalation with an isolated IPR, whereas others also present with a LPR. Asthma severity, 8 the dose of allergen inhaled, 9 the degree of sensitization 10 and exposure 11, 12 to the allergen, the magnitude of the IPR, 13 or the baseline BHR 2 or airway inflammation 14, 15 has been directly associated with the occurrence of LPRs.
We analyzed the bronchial response pattern of a homogenous group of mild, Dermatophagoides pteronyssinus-allergic asthma patients to the A-BPT carried out under controlled conditions and in which known doses of Der p1 were inhaled. Our aim was to compare the groups according to the presentation of LPR with respect to several potentially influencing prechallenge factors (allergenic exposure and sensitization, BHR, and airway inflammation assessed in sputum and blood).
Materials and Methods

Patients
We studied 31 nonsmoking mild asthmatic patients (17 men and 14 women; age range, 19 to 29 years; median, 21 years) sensitized to D pteronyssinus who attended our allergy service. The diagnosis of asthma was made according to international guidelines. 16 Only short-acting ␤-agonists drugs used as needed were allowed in the previous 2 months. A history of respiratory symptoms lasting 12 to 24 months was required. No patient had a history of respiratory tract infections within the preceding 2 months. D pteronyssinus sensitization was established by positive skin prick tests with a standardized extract (ALK-Abelló ; Madrid, Spain) and specific IgE (Pharmacia CAP System; Pharmacia Diagnostics; Uppsala, Sweden) to this allergen in the context of a compatible clinical history. Patients sensitized to other perennial (animal danders, molds) or seasonal (pollens) allergens were excluded. All subjects were informed and gave their consent before starting the study. The ethics committee of our hospital approved the study protocol.
Study Design
The study was developed in 2 separate days. First, patients underwent clinical and physical evaluation, cutaneous tests, and sputum induction. Samples of venous blood were collected. At least 8 h after sputum induction, the methacholine bronchial provocation test (M-BPT) was done. A sample of dust from the patients' beds was collected, and subjects completed a standardized asthma symptoms questionnaire of which the validity and reproducibility had been demonstrated. 17 The frequency of presentation of 10 bronchial symptoms (dyspnea during exercise, diurnal resting dyspnea, diurnal wheezing, diurnal cough, nocturnal wheezing, nocturnal dyspnea, nocturnal cough, sleep disturbance, asthma anxiety, and chest tightness) during the last month was scored from 0 (never) to 4 (every day) points. The total symptoms score ranged from 0 to 40 points. Patients underwent D pteronyssinus bronchial provocation testing on in a different day.
Allergen Extract
A D pteronyssinus partially purified and biologically standardized extract was used for skin and bronchial challenge tests (ALK-Abelló ). Specific monoclonal antibodies were used to quantify Der p1 and Der 2 allergens. The final extract at 100 biological units/mL contained 40 g/mL of Der p1 and 20 g/mL of Der 2.
Collection of Dust Samples and Quantitation of Mite Allergens
Dust collection was made 7 days after the last cleaning, as previously described. 18 A portable vacuum cleaner provided with a prefilter (ALK; Horsholm, Denmark), which retains 74% of particles 0.3 to 0.5 m in size, 81% of particles 0.5 to 1.0 m, 95% of particles 1.0 to 10 m, and 100% of larger particles 19 was used. The layer of bedding below the lower sheet, the layer above the upper sheet, and the area inside the pillowcase were vacuumed for 2 min per square meter. After vacuuming, the filter box was removed and stored at Ϫ 20°C until further analysis.
The content of major mites allergens (Der p1 and Der 2) was determined in duplicate by a commercial enzyme-linked immunosorbent assay (ELISA) based on monoclonal antibody (ALK). Standard curves for these assays (1 to 200 ng allergen/mL) were routinely obtained from freeze-dried whole-mite extracts titrated against purified allergens. Allergen concentrations were estimated from three independent experiments. The mean intraassay coefficient of variation was Ͻ 3%, while the interassay coefficient of variation from control subjects tested in all the assays was Ͻ 15%. The detection limit of the assays was 1 ng/mL.
Skin Tests
Skin prick tests were carried out with a standard battery that included the most common airborne allergens in our area: mites, pollens, molds, and danders (ALK-Abelló ). Tests were made by the same technician and the same lancets (ALK-lancet; ALKAbelló ) were used. Results were read at 15 min. Wheal diameters Ն 3 mm were considered positive in the absence of response to phosphate-buffered saline solution (PBS). Histamine phosphate at 10 mg/mL and PBS were used as positive and negative controls. We also skin tested the D pteronyssinus extract (containing 50% glycerine, 0.4% phenol and 0.9% NaCl) at three concentrations (60 g/mL, 12 g/mL, and 2.4 g/mL of Der p1) in duplicate and in inverse direction. The resulting wheals were shaped and transferred to a millimeter-squared paper, where areas were measured and expressed in millimeters squared. We considered for analysis the mean value of the areas obtained from the six tests.
Bronchial Provocation Tests
Every lung function test was performed with the same spirometer (model CPR; Medical Graphics; St Paul, MN). Baseline spirometry was performed and FEV 1 was recorded. 
M-BPT
To avoid the circadian rhythm effect on airway dynamics, M-BPTs were performed between 2 pm and 4 pm. Methacholine (Provocholine; Roche Laboratory; Nutley, NJ) dilutions at 0.125, . To record any late asthmatic reaction, PEF was measured hourly during the following 10 h. A late asthmatic reaction was considered as a fall of Ն 25% from the basal value. 20 LPR results were expressed as the maximal PEF rate decrease from the baseline values (expressed as percentage) and as the area under the time-response curve (measured by planimetry and expressed in centimeters squared).
Sputum Induction
Sputum samples were obtained by hypertonic saline solution inhalation as described. 21 Subjects were pretreated with four puffs of inhaled salbutamol 30 min before induction. They rinsed their mouths and cleaned their noses before induction and, when possible, before expectoration. An ultrasonic nebulizer (Ultraneb 99; De Vilbiss; Somerset, PA) was used to administer saline solution at 5%, for three periods of 10 min. After each period, the patients were asked to cough and expectorate into a sterile container; when possible, saliva was put away in a different receptacle. The test was finished when a macroscopically adequate sputum sample was obtained or when the three periods of inhalation were completed.
The volume of the entire sputum sample was measured, and 3 mL of the entire sputum sample was mixed with an equal volume of dithiotreitol (Sputasol; Unipath LTD; Basingstoke, Hampshire, UK) at 1/100 and rocked at room temperature for 15 min. Then, the mixture was put through one 0.42-m filter (Millipore; Somerset, PA) and centrifuged at 1,500g for 10 min. The supernatant was placed in aliquots and frozen at Ϫ 70°C until further analysis. The pellet was suspended in saline solution serum at 0.9%, and totals of cells were counted with a Fuchs Rosenthal chamber. The suspension was then cytocentrifuged and stained with either Papanicolau or Giemsa for differential cell counts. The sample was considered adequate for analysis when macrophages could be visualized and squamous cell contamination was Ͻ 20%. 22 Percentage counts of macrophages, eosinophils, neutrophils, mast cells, and lymphocytes were made over a total count of 400 cells. A single person, blinded to the patients' clinical conditions, performed the evaluation.
Soluble Markers in Sputum and Serum
The concentrations of eosinophil cationic protein (ECP) and tryptase in the sputum supernatant, and of ECP, and total and specific IgE in serum were measured with a fluoroenzyme immunosorbent assay (UniCAP; Pharmacia Diagnostics). Sputum interleukin (IL)-5 levels were determined in duplicate by a commercial "sandwich" ELISA (Quantikine; R&D Systems; Minneapolis, MN). Sputum albumin levels were measured in duplicate by automated nephelometry (Behring Diagnostics GmbH; Marburg, Germany). The limits of detection for the fluid-phase assays were 2.0 g/L for ECP, 1.0 g/L for tryptase, 0.35 kilounits/L for specific IgE, 2.0 kilounits/L for total IgE, 3.0 pg/mL for IL-5, and 1 mg/mL for albumin. Sputum chemistry results were referred to the sputum and dithiotreitol mix volume. All assays were performed blind to the clinical details.
Statistical Analysis
Statistical analysis of the data was performed using a statistics program (SPSS Windows 6.1; SPSS; Chicago, IL). Descriptive statistics were used to summarize the clinical and demographic characteristics of the patients. Log transformation was used to obtain normal distribution of data. Comparative analysis of means was carried out by the analysis of variance (t test for equality of means). Correlation between variables was determined with the Pearson's rank correlation coefficient. We used one model of multiple linear regression model, in which the independent variables (allergen sensitization and exposure, M-PD 20 and A-PD 20 values, and inflammatory indexes in blood and sputum) were sequentially entered and applied to the dependent variable (presentation or not of a LPR). A p value of Ͻ 0.05 was considered significant. ) and total and specific serum IgE did not differ between groups (Table 2) . No differences between groups were found in values for baseline FEV 1 , M-PD 20 , and A-PD 20 values (Table 2) or the cumulated doses of Der p1 inhaled during A-BPT (GM, 15.96 ng vs 18.11 ng). Late responders were exposed to higher Der p1 levels and showed a trend toward higher Der 2 levels (Fig 1) .
Microscopically adequate sputum samples were obtained in all the cases; in most of them, ECP and albumin levels were detected (Table 3) . Sputum tryptase identification rate was higher among patients presenting with LPR (66.7%), compared to those who did not (9.1%). There was a complete lack of detection of IL-5 in sputum. Late responders had higher sputum ECP and albumin levels, and showed a trend toward higher lymphocyte percentages in sputum (Fig 2) . No difference in blood eosinophils or serum ECP levels was found between groups.
When the whole sample of patients was considered, no association between the magnitude of IPR and of LPR was found. A trend toward correlation was detected among A-PD 20 
Discussion
We have analyzed the factors that can influence the likelihood of developing an allergen-induced LPR in patients with monosensitized, mild, and stable asthma. The study was made under controlled conditions to exclude factors that can potentially alter the LPR or our measurement of it (circadian rhythm, respiratory tract infections, antiasthmatic drugs, equipment variations, and sensitization to other allergens). To reduce the effect of chronic inflammation and the remodeling process on the airway dynamics, we studied a group of patients with mild and short-duration asthma. A partially purified standardized D pteronyssinus extract was utilized in A-BPTs, and known amounts of Der p1 were inhaled according to the same dose schedule. The incidence of LPR in our study was lower than reported 23 and what is attributable to the different indexes and criteria used to define it in the literature, 20 and is in keeping with recent reports also utilizing high-quality allergenic extracts. 24 Early studies suggested that duration and severity of asthma, 8 allergen sensitization, 10 degree of BHR, 2 dose of inhaled allergen, 8 or severity of the IPR 13 was predictive of the response to the bronchial challenge. In our study, and in keeping with previous reports, 24 -26 such variables did not differ between isolated early and dual responders, and showed no association with the LPR severity. We only detected an association between BHR and the immediate response severity. This lack of differences between groups suggests that other factors should influence the occurrence of LPRs.
The level of exposure to house dust mite major allergens was higher in the patients who exhibited a late response; this is in agreement with indirect evidence, since it has been reported that A-BPTdependent LPR appearance is enhanced by allergen exposure, 27 and reduced by extreme allergen avoidance. 12 It has also been shown that sustained inhalation of low doses of allergen, simulating natural exposure, is able to elicit LPRs in asthma 25 and in rhinitis 11 patients who previously were isolated early responders. Thus, it could be hypothesized that environmental allergen exposure might induce an activation state in the airway cells that would increase the response to allergen inhalation.
In this aspect, we studied the differences in the prechallenge sputum constituents between groups. We found that late responders were more likely to have detectable tryptase levels in sputum than isolated early responders. This is in keeping with the increased numbers of mast cells correlating with the magnitude of the LPR and has been shown in the BAL from dual responders. 14 Since albumin is a marker of vascular leakage, and since activated mast cells release vasoactive mediators, the fact that late responders also had increased sputum albumin levels indirectly supports the existence of higher baseline mast cell activation in the airways from these patients.
Prechallenge sputum ECP levels also were higher in late responders, which is in keeping with studies 28 performed on BAL samples obtained shortly after the A-BPT. In contrast with them, 28 we did not detect more sputum eosinophils in the LPR group, which could be attributed to the time of measurement. The higher sputum ECP levels, and the correlation between the LPR magnitude and the sputum eosinophils detected in dual responders, suggest a higher eosinophilic activation in such a group. There is increasing evidence that lymphocytes play a central role in orchestrating the recruitment and activation of airway eosinophils 29 ; in this aspect, we detected a trend toward higher sputum lymphocyte numbers among late responders. Since IL-5, released by lymphocytes 30 and mast cells, 31 is the major eosinophil-priming cytokine, we had expected to find higher levels of such cytosine in sputum from dual responders. Unfortunately, there was a complete lack of IL-5 detection, which might be attributed to the sample dilution or to the mildness of asthma; however, other authors have not detected IL-5 levels in sputum by using the ELISA technique. 32 Otherwise, ILs (including IL-5) have been assessed in sputum samples by utilizing the polymerase chain reaction technique. 33 Thus, in our opinion, the absence of IL-5 detection in this study is more likely a consequence of the method used to measure it than to the absence of IL-5 levels in sputum.
Both the level of exposure to house dust mite major allergens and the baseline airway inflammation were higher in the patients who exhibited a late response. Therefore, it could be hypothesized that the sustained exposure to a perennial indoor allergen might induce a baseline activation of airway cells. Such cells, through the release of mediators, might induce changes in the airway (mucosa edema, epithelium damage, smooth muscle hypertonicity). Although these changes are not relevant enough to influence asthma symptoms, lung function, or degree of BHR, they might determine that inhalation of large amounts of allergen, as happens during A-BPT, resulted in a larger late response. We conclude that factors determining early and late asthmatic responses in patients with mild asthma are different. The immediate asthmatic response is related to the level of bronchial reactivity, and the late phase response, at least in part, is dependent on allergen exposure and prechallenge airway inflammation. Natural allergenic exposure might activate mast cells and eosinophils, inducing a "primed" airway that would respond to the allergen challenge with a higher occurrence and magnitude of late asthmatic responses.
